ABSTRACT Male pales weevils, Hylobius pales (Herbst), were sexually immature upon emergence from their pupal cells. During the first 2 wk of adult life the concentration of sperm bundles in the testes increased, and a lumen containing a granular material began to form in the accessory glands. Most individuals had active sperm when 2 wk old. Four-week-old males had a large concentration of sperm bundles, numerous active sperm, and accessory glands entirely filled with a granular material. During mating trials 3-to 6-d-old (prereproductive) males did not transfer sperm to either reproductive or prereproductive females. Twenty percent of the 11-to 15-d-old (incipient reproductive) males transferred some sperm to reproductive females, but no sperm was transferred to prereproductive females. Eighty-five percent of the 4-wk-old (reproductive) males transferred sperm to reproductive females. The quantity of sperm transferred was quite variable. Seventy percent of the reproductive males transferred small amounts of sperm to prereproductive females. Female receptivity may influence the amount of sperm transferred by reproductive males.
THE PALES WEEVIL, Hylobius pales
, is a pest of young pine plantations throughout eastern North America (Lynch 1984) . In the Great Lakes region it is a major problem in Christmas tree plantations, where adult feeding can girdle young seedlings and disfigure the crowns of older trees. Because cosmetic damage to the crown lowers the marketability of Christmas trees, the economic tolerance threshold is low. Pales weevils breed in the roots of dying or recently killed conifers, mostly pines. Thus, seedlings planted soon after harvest are vulnerable to subsequent adult generations emerging from stumps. The subterranean habits of the larvae, and nocturnal activity of the adults, make this insect difficult to sample. Estimates of adult weevil population density can be made using pitfall traps baited with turpentine and ethanol, which attract both males and females (Raffa & Hunt 1988 , Rieske & Raffa 1990 , 1991 .
To understand better the relationship between weevil population size and subsequent injury to trees, it is important to know the reproductive status of the weevils responding to the turpentine and ethanol bait. The internal physiological state of an insect can influence attraction to host cues (Miller & Strickler 1984) , and the following behaviors of the pales weevil suggest that this phenomenon occurs. In Wisconsin, pales weevils are present in the stands throughout the growing season but are attracted to baited pitfall traps only during the spring and early summer (Raffa & Hunt 1988) . Second, laboratory bioassays measuring the attraction to ethanol and turpentine are highly variable and inconsistent.
Pales weevils overwinter as both late instars and adults in the Great Lakes region. Overwintered adult females oviposit from early spring to midsummer. Overwintered larvae complete development during the summer. Larvae from eggs laid early in the spring may complete development in one season, while weevils from eggs laid later in the season overwinter as larvae. Adults weevils live for 2 yr, so populations consist of individuals of mixed age (Finnegan 1959 , Bliss & Kearby 1970 .
We hypothesize that reproductive readiness influences weevil responsiveness to host cues. Female weevils ready to lay eggs are attracted to turpentine and ethanol because the volatiles identify the source as a breeding site. Males ready to mate are attracted to turpentine and ethanol because the volatiles identify the source as a location where reproductive females may be present. There is currently no evidence of a long range sex attractant in the pales weevil. Recent work suggests that such a pheromone is absent in Hylobius abietis (L.), a European species with similar biology (Tilles et al. 1986 ).
Vol. 85, no. 5 Although a great deal is known about the maturation process of Hylobius ovaries (Guslits 1969 , Christiansen 1971 , Clark 1975 , Nordenhem 1989 , little is known about the reproductive maturation of males, or how gonadal development is related to mating. The objectives of this study were to determine the pattern of development of the testes, and to relate this to the age at which males begin mating. We conducted a series of mating tests, pairing laboratory-reared male weevils of known age with either prereproductive or reproductive adult females. Weevil pairs were dissected to document the stage of male gonad development and to determine the quantity of sperm transferred. This information will enable us to determine the reproductive status of the males caught in turpentine-and ethanol-baited pitfall traps.
Materials and Methods
The weevils were from a laboratory colony reared on red pine (Pinus resinosa Ait.) billets at 22°C and a 16:8 (L:D) photoperiod. The colony was started with field-collected adult weevils in the summer of 1989 and was supplemented with additional field-collected weevils during 1990. The mating experiments were performed during the summer and fall of 1990.
Initially, laboratory-reared adult weevils of different ages were dissected to determine the relationship between age and reproductive morphology, and whether females had mated (see below). See the Results section for a general description of the male gonads. Based on these dissections we chose the following adult age classes for males in the experiments: 3 to 6 d old, 11 to 15 d old, and 4 wk old. The males in these three age classes were separated from females 3, 8, and 8 d before the mating experiments, respectively. Our designation of the male age classes as either prereproductive, incipient reproductive, or reproductive took place subsequent to the mating trials (see below).
To determine if the testes developed synchronously, three characters were compared from one of the two lobes of each testis of ten 11-to 15-d-old weevils, and twenty 4-to 6-wk-old males (paired t test). The characters were the diameter of the lobe, diameter of the central white spot (see below), and the thickness of the lobe.
Two age classes of virgin female weevils were paired with the above males. Prereproductive females were 3-to 6-d old adults with no sign of oocyte development. Reproductively mature females were 5 to 7 wk old and contained mature and developing eggs. Females were separated from males 3 to 6 d after emergence. Dissections of representative females from these two groups just before the mating tests found no sperm in the spermatheca or spermathecal gland.
The three male and two female age classes were paired in all six combinations. Individual males were placed with individual females. During each trial two replicates of each combination were performed, with 20 total replicates. The trials were conducted in a dark room during the latter third ofthe 8-h scotophase. A red incandescent light was used when the weevils were moved and during occasional observations of the mating arenas. The mating arena was a glass dish 7 cm in diameter containing moist sand and a small piece of red pine twig. The sides were treated with Fluon to prevent escape. Males and females were separated after 2 h.
Males were dissected immediately. There was no difference in development of the testes (see Results), so the following data were recorded for one testis per weevil: (1) the diameter of one of the two lobes; (2) the diameter of the central white spot of the lobe; (3) the thickness of the lobe at the edge; (4) the presence of sperm bundles; and (5) the presence of motile, mature sperm. The latter two measurements were made using a compound microscope after squashing the testicular lobe under a cover slip. The seminal vesicle was observed at 250 x and the presence or absence of sperm noted. Next, one accessory gland was removed from the abdomen and the width of each branch at the widest point was recorded. Data for the males from the first two trials were lost, so averages are from measurements on the last 16 males. Means were compared using the NPARIWAY proceedure (SAS Institute 1985) .
Females were dissected 20-24 h after the test to allow sperm movement from the bursa copulatrix into the spermatheca. After removal of the ovaries the number of mature eggs was recorded. The spermatheca and spermathecal gland were removed for observation under 124 to 497 magnification (Fig 1) . Although we are using the terminology of Burke (1959) in referring to these structures, in some of the literature they are jointly referred to as the spermatheca. The quantity of sperm in the spermatheca and spermathecal gland was estimated if the amount was small, but the full range of abundance was recorded using six categories to designate the increasing quantity of sperm present. Category 0 indicates no sperm present in either structure. In category 1 sperm is present only in the spermatheca (Fig.  1 ). In category 2 the spermatheca is full, and there are up to several thousand sperm in the spermathecal gland. The spermathecal gland is clear under the dissecting scope. The spermathecal gland in category 3 contains enough sperm so that it is opaque. In category 4 the spermathecal gland is half white and half opaque. In category 5 the spermathecal gland is entirely white under the dissecting scope. A spermatheca holds 1,000 to 1,500 sperm, an opaque spermathecal gland 15,000 to 30,000 Fat body was adhering to and obscuring part of the compressor muscle. The spermatheca contained less than 100 sperm and the spermathecal gland was empty. These structures are dark gray when filled with sperm. (B) The individual sperm in this spermatheca can be seen at 497x. The sperm are long, very thin and tapered at both ends. In this specimen most sperm were at the tip of the spermatheca. cm, compressor muscle; fb, fat body; sp, sperm; st, spermatheca; std, spermathecal duct; stg, spermathecal gland. Photograph reduced to 61%. sperm, and a white spermathecal gland 60,000 to 80,000 sperm (unpublished data).
To determine which factors may influence the quantity of sperm transferred during pairings of reproductive males and females, correlation analysis (SAS Institute 1985) was conducted with male gonad development, and the number of eggs in the female. The correlation between the volume of the lobe of the testis containing high concentrations of sperm bundles (diameter of the central white spot times the thickness of the lobe) and the sperm transfer category estimated the influence of large amounts of sperm in the testes (male capacity). The correlation between the number of mature eggs in the lateral oviducts of the female and the sperm transfer category estimated the impact of female receptivity as delineated by this physiological state.
To compare the amount of sperm transferred in a single laboratory mating with the quantity in the spermatheca of field-collected reproductively mature females we dissected weevils caught in turpentine-and ethanol-baited pitfall traps. Weevils were collected during the summer of 1991 from a Pinus resinosa and P. banksiana (Lamb.) plantation 16 km south of Milston, WI.
No voucher specimens were kept because little of a weevil remained intact after the dissection.
Results
Development of the Male Gonads. The general appearance of pales weevil testes is similar to those of other weevil species (Fontaine et al. 1983 ). The adult weevil has a pair of testes, with two separate lobes per testis. The ducts from each lobe meet to form the vas deferens, which expands slightly to form what is by convention termed the seminal vesicle (Burke 1959) . The seminal vesicle increases in diameter slightly as the adult pales weevil reaches sexual maturity, but we were not able to measure this accurately. The seminal vesicle ends where the two branches of the accessory gland, one approximately half as long as the other, connect to the vas deferens. Fontaine et al. (1983) misidentified the shorter branch of the accessory gland as the seminal vesicle. The prostate gland, which surrounds the vas deferens, is adjacent to the accessory gland. The vas deferens from the testes then join to form the common sperm duct that attaches to the copulatory organs.
For both the 11-to 15-d-old and 4-to 6-wk-old males there was no difference between the lobes taken from each testis in the diameter of the testis lobe (t = 1.900; df = 9; P < 0.10; t = 0.180; df = 19; P > 0.50), the diameter of the central white spot (t = 0.897; df = 9; P < 0.50; t = 0.432; df = 19; P > 0.50) and the lobe thickness (t = 0.167; df = 9; P > 0.50; t = 1.238; df = 19; P <
0.20).
Changes in the size and morphology of the testes and accessory glands occurred with adult age (Table 1) . Most 3-to 6-d-old weevils had testis lobes that were translucent and flattened ( Fig. 2A) . Twenty-eight percent of the weevils had testes in which the central white spot was just beginning to develop. The center of the testis lobe turns from translucent to opaque to white as the density of sperm bundles increases during the process of testes maturation. There were few sperm bundles present in the center of the lobe, and no mature active sperm. No sperm were found in the seminal vesicle. The branches ofthe accessory gland were short, thin, and translucent. The walls were thick, and in some individuals the internal lumen was beginning to form (Fig.3A) . Eleven-to 15-d-old weevils had testes with lobes that were white in the center (Fig. 2A) . The density of sperm bundles was high, and many fully formed sperm were present. Some active sperm were seen in most weevils, and in these individuals there were some sperm in the seminal vesicle. The branches of the accessory glands were partially enlarged in width and length. The lumen contained granular material along the length of the structure, and large pockets of material were present in some areas (Fig. 3B) .
Among 4-wk-old males the central white area was enlarged to approximately half the diameter of the testis lobe, which was puffy and mushroom-shaped ( Fig. 2A) . This central area was densely packed with sperm bundles (Fig.  2B ). Relative to the prior age classes there were many active sperm present, although most of the Field Weevils. The spermatheca glands of 32 of the 39 field collected weevils were in sperm transfer categories 4 or 5 (Le., they were half-to completely white under the dissecting scope).
Discussion
This study found that the maturation of the male gonads affects mating frequency and the quantity of sperm transferred. Other factors apparently also played a role, and work on H. abietis suggests that female receptivity may be a factor. Selander (1978) and Tilles et al. (1988) reported that prereproductive male and all female H. abietis produce a mating stimulant that causes reproductive males to attempt to mount. Tilles et al. (1988) found that levels of the stimulant increased early in the life of prereproductive adult males and then declined. Concentrations in adult females fluctuate but remain high throughout adult life. Receptive female H. abietis respond to male-produced stridulations by becoming motionless and allowing copulation. Unreceptive females made jerky backward movements or walked forward (Selander & Jansson 1977) . We observed abdominal tubercles and elytral par stridens in H. pales similar to those in H. abietis, and stridulations can be heard when the pales male is held close to the ear. fully formed sperm were inactive. The seminal vesicle was filled with sperm and appeared whitish under the dissecting scope. The accessory gland was milky white and further enlarged in length and width. Both branches were thinwalled, and completely filled with a granular material (Fig. 3C) . The two branches of the accessory gland were similar when viewed at 497 x, aside from the slight difference in width.
There was little change in the diameter of the testis lobe as the gonads matured, and a only moderate change in the thickness of the lobe. The largest changes were the increased size of the central white spot, and the respective sevenfold and four-fold increase in the width of the short and long branches of the accessory gland ( Table 1 ). The average diameter of the central white spot of the prereproductive males is misleading because the spot gradually becomes denser across a wide area, not at a central point. The low average is due to the many individuals where the spot had not yet developed.
Mating Trials. The amount of sperm transferred during the mating trials reflected gonad maturation. Three-to 6-d-old (prereproductive) males did not transfer sperm to females in either age class, nor were they seen mounting the females during the trials. The spermathecal gland in newly emerged virgin females was small, having the appearance of a deflated balloon. In a reproductive virgin female the gland was enlarged about two-fold and clear.
Only four of the 11-to 15-d-old (incipient reproductive) males transferred sperm to reproductive females, and only a small amount of sperm was transferred (Fig. 4) . Many males that had some active sperm in their testes did not transfer sperm. Only one male was seen mounted on a female during the periodic observations of the mating arenas. No sperm were transferred to the prereproductive females.
Seventeen of the 4-wk-old (reproductive) males paired with reproductive females transferred sperm. Most of these fell into category 3, where the spermathecal gland contained enough sperm to appear opaque (Fig. 4) . There was no correlation between the volume of the testis lobe that contained a high density of sperm bundles and the amount of sperm transferred (Pearson Correlation Coefficient = -0.334; n = 16; P = 0.21). Neither was there a correlation between the number of mature eggs in the female and the sperm transfer category (Pearson Correlation Coefficient = 0.003; n = 16; P = 0.99).
Reproductive males passed small amounts of sperm to prereproductive females. Fourteen of these females contained at least some sperm in the spermatheca (Fig. 4) . We estimated that the number of sperm in the spermatheca ranged from =25 to several hundred. Males were rarely observed mounted on prereproductive females. Vol. 85, no. 5 Comparing between age classes, maturation of the male gonads had a large impact on the frequency of successful matings and the amount of sperm transferred. Not surprisingly, 3-to 6-d-old males with immature gonads did not mount or pass sperm to either prereproductive or reproductive females. Selander (1978) found that newly emerged H. abietis males did not attempt to copulate with unmated prereproductive or reproductive females.
Male pales weevils first began mating with reproductive females when they were between 11 and 15 d old. Of the few males that did mate, very little sperm were transferred to the female. This is consistent with the small number of sperm bundles and mature sperm present in their testes relative to that in reproductive males. The presence of active sperm in the testes and seminal vesicle is not indicative that the male will mate. The development of the accessory glands may also affect the propensity to mate. The relationship between male age and early gonad development is similar to that reported by Clark (1975) .
Eighty-five percent of the reproductive males passed sperm to reproductive female weevils. Because males were exposed to only one female, the failure of 15% of the pairs to copulate cannot be attributed solely to the behavior of the males. The receptivity of individual reproductive H. abietis females fluctuates over a period of several months (Selander & Jansson 1977 , Tilles et al. 1988 . The 85% successful matings under our experimental conditions is higher than that found by Selander (1978) , where a maximum of 48% of reproductive male H. abietis mated under room conditions during repeated 5-min exposures to a series of different females.
The quantity of sperm transferred by reproductive males was highly variable and was not correlated with the estimated quantity of mature sperm in the testes. This suggests that female receptivity may have influenced the quantity of sperm transferred. The lack of correlation between the sperm transfer category and the number of mature eggs indicated that some other factor was responsible. A few of the males remained mounted on females at the end of the 2-h test. Although they may have transferred additional sperm if left for a longer period, this would not have significantly altered the correlation result.
The analysis of the spermatheca and spermathecal gland from field-collected pales weevil females indicated that most weevils contained sperm from multiple matings. In this context the importance of small amounts of transferred sperm lies in the structure of the spermatheca and spermathecal gland. Sperm utilized for fertilization come directly from the spermatheca and are replaced by sperm stored in the spermathecal gland. The morphology of these two structures suggests that sperm in the spermatheca come primarily from the last mating (Walker 1980) . Once the sperm enter the spermathecal gland the mixing we observed indicates that no further sperm precedence occurs. Thus, passing even a small amount of sperm to a female ready to lay eggs should result in some progeny, assuming no further matings take place before oviposition. Partial, or complete, late-male precedence is common in insects with multiple-mated females (Walker 1980) .
Reproductive males mated with 70% of the prereproductive females, but these females were not attractive to incipient reproductive males. This suggests an interaction between male reproductive development and female attractiveness. Reproductive H. abietis attempt to copulate with prereproductive females about half as frequently as with reproductive females (Selander 1978) , but the response of the prereproductive females and the duration of copulations were not reported. The small amount of sperm transferred by reproductive pales weevils to prereproductive females, and the short duration of mating attempts, indicates that the prereproductive females were probably unreceptive to the males.
The relationships among male age, gonad development, and mating propensity may differ between the laboratory-reared weevils used in this study and field collected weevils. Comparisons between laboratory and field weevils are only available for females. Oviposition in cohorts of laboratory weevils begins the third to fourth week of adult life (Manwan 1964 , Clark 1975 , but this period can be shortened if the adult weevils have access to roots (T. W. Phillips, personal communication). So although the relationship between male age and gonad development may differ between laboratory and field weevils, the relationship between gonad development and mating capacity should be similar.
Having resolved the relationship between gonad development and the male's propensity to mate, we can now separate field-collect males into prereproductive, incipient reproductive, and reproductive classes. This will enable us to determine if a correlation exits between male reproductive status and attraction to turpentineand ethanol-baited pitfall traps. Such a correlation would have implications in regards to the method of mate finding by male H. pales. It may also enable us to improve the correlation between the number of weevils trapped and future weevil damage to Christmas tree plantations.
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